
950304

Emulating the Lateral Dynamics of a Range of
Vehicles Using a Four-Wheel-Steering Vehicle

A b s t r a c t

The concept of a Variable Dynamic Testbed
Vehicle (VDTV) has been proposed as a tool
to evaluate collision avoidance systems and to
perform driving-related human factors research,
among others. The goal of this study is to ana-
lytically investigate to what extent a VDTV with
four-wheel-steering can emulate the lateral dy-
namics of a broad range of vehicle models. Us-
ing a particular mid-sized vehicle as a baseline,
our study indicated that this mid-sized vehicle
modelled  with a closed-loop four-wheel-steering
system can be controlled to emulate the lateral
response characteristics of a range of vehicles,
from “small” to “full-size,” reasonably well over a
speed range of interest. A novel steering control
configuration that has the potential to improve
further the “degree of emulation” has also been
proposed.

Introduct ion

To study the correlation between vehicle re-
sponse characteristics and driver commands rel-
ative to crash avoidance, the National Highway
Traffic Safety Administration’s Office of Crash
Avoidance Research (OCAR) has at its disposal
a comprehensive set of tools and facilities. These
include the Vehicle Research and Test Center,
and the (currently being developed) National Ad-
vanced Driving Simulator. To augment these
tools and facilities, OCAR has defined its concept
of a Variable Dynamics Testbed Vehicle (VDTV)
[l]. This vehicle would be capable of emulating a
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broad range of automobile dynamic characteris-
tics, allowing it to be used in crash avoidance sys-
tems development and in driving-related human
factors research, among others. A similar but
more limited experimental vehicle, called Vari-
able Response Vehicle was developed in the 70’s
by the General Motors Corporation for vehicle
handling research [2]. This vehicle has indepen-
dent electro-hydraulic controlled front and rear
steering and steering force systems, enabling it
to emulate a variety of vehicle directional control
characteristics.

To emulate the dynamics of a broad range
of vehicles, the steering, suspension, and brak-
ing sub-systems of the VDTV must be “pro-
grammable.” To accomplish this goal, “active”
elements such as a fully-active suspension sys-
tem, a four-wheel-steering system, and an anti-
lock braking system are added to the vehicle.
Software changes made to the algorithms that
control these active sub-systems can then effect
significant changes in the vehicle’s lateral, longi-
tudinal, and braking dynamics. The scope of the
present study is limited to an analytical investi-
gation of the extent to which a VDTV with four-
wheel-steering can emulate the lateral response
characteristics of a range of vehicles.

Vehicle Dynamic M o d e l

A vehicle handling model that the author had
developed, VEHDYN, is used in this study. The
lateral dynamics of a vehicle are modeled in VE-
HDYN using the approach suggested in Ref. 3.
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Table 1 Estimated Values of Vehicle Parameters

Table 2 Estimated Tires Characteristics

Vehicle

Tire

Front/Rear
Loading (kg.wt.)

Front/Rear Cornering Stiffness
(N/deg, per wheel)

Front/Rear Aligning Torque
St i f fness  (Nm/deg, w h e e l )per
Front/Rear Camber Stiffness

(N/deg, per wheel)
Front/Rear Aligning Torque per

Camber (Nm/deg, per wheel)

Vehicle Vehicle Vehicle Vehicle
S C M F

P185 P185 P205 P215
/60R14 /75R14 /65R15 /70R15

658 808 917 998
349 454 502 752

633.2 704.7 1051.0 1092.4
433.4 509.2 794.0 954.3
11.77 14.46 16.41 17.86
6.26 8.13 8.99 13.47

20.95 27.43 54.50 87.98
9.60 13.16 41.03 71.69
1.18 1.45 1.64 1.79
0.63 0.81 0.90 1.35
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Table 3 Selected Values of Control Parameters

T1 sec .-0.27 +0.21 +0.20
T2 x 10 sec 0.48 0.29 4.0

Table 4 Mean Emulation Errors

Mean Vehicle Vehicle Vehicle
Emulation Errors S C F

control sensitivity (%) 2.96 2.38 5.06
90% rise time (%) 0.49 15.81 10.05

percent overshoot (%) 1.92 1.52 2.46
yaw rate-based BW (%) 2.12 2.39 1.37

17












